As soon as the Institute of Nutrition of Central America and Panama (INCAP) began to study the poor nutritional status and stunting of children in the rural villages of Central America, it was apparent that infections, particularly diarrheas, were also a serious problem. Studies of kwashiorkor indicated that infections precipitated kwashiorkor and anemia in children who were already malnourished. In the 1940s there was almost no suggestion in the literature of a relation between nutrition and infection. INCAP gradually identified the mechanisms by which any infection worsens nutritional status and demonstrated that infections were more severe and more often fatal in malnourished children and adults. These studies ultimately led to the 1968 World Health Organization (WHO) monograph "Interactions of nutrition and infection" and widespread recognition by public health workers of the importance of this relationship for morbidity and mortality in poorly nourished populations.
Introduction
Recognition of the synergistic interaction of infection and nutritional status was a major contribution of the early studies of INCAP. These resulted in the influential 1968 WHO monograph that brought widespread attention to the health importance of this relationship. The author of this paper guided the field studies of INCAP that produced strong supporting evidence for this conclusion and was the senior author of the WHO Monograph. Research on nutrition and infection by the Institute of Nutrition of Central America and Panama (INCAP) was ahead of its time and deserves great credit for its influence on the development of the field. The initial surveys of INCAP revealed a high prevalence of diarrheal and respiratory disease. Early on we noted an association between moderate to severe malnutrition in village children and a history of prior episodes of infectious disease. The first identification of kwashiorkor outside of Africa was the study by Autret and Béhar on kwashiorkor in Central America published in monograph form by the Food and Agriculture Organization (FAO) and the World Health Organization (WHO) [1, 2] . This publication placed strong emphasis on the frequency with which kwashiorkor was precipitated by one or more prior infections, a concept that was refined and documented in subsequent INCAP publications [3] .
As described elsewhere, the characteristics of kwashiorkor in Africa and Latin America were compared in 1957 [4, 5] , with the observation that "children developing classical signs of kwashiorkor are usually those who experience a precipitating infection or, commonly, a series of diarrheal episodes. " It was gradually recognized that any infection, including the common communicable diseases of childhood, chickenpox and especially measles and whooping cough, worsens nutritional status [6] .
Based on these initial findings, INCAP's researchers more closely examined the role of nutrition in infection. In 1970, Gordon and Scrimshaw's comprehensive article on infectious disease in the malnourished drew heavily on this research by INCAP to describe the patterns and mechanisms of their interactions, weanling diarrhea, the effect of infections on growth, and the concept of synergism between malnutrition and infection [7] . Nevin S. Scrimshaw Nevin S. Scrimshaw was the Founding Director of INCAP from 1949 to 1961. He is the Founder and President Emeritus of the International Nutrition Foundation, Institute Professor Emeritus of the Massachusetts Institute of Technology, and Senior Advisor for the United Nations University Food and Nutrition Program, 1975 Program, -1988 Please direct queries to the corresponding author: Nevin S. Scrimshaw, Box 330, Campton, NH 03223, USA; e-mail: nscrimshaw@inffoundation.org.
diarrheal disease
Stimulated by these indications of its importance, INCAP established a laboratory of bacteriology and began a long series of studies of diarrheal disease. First was a report on the prevalence of shigella and salmonella among preschool children and schoolchildren in Amatitlán and Santa María Cauqué, Guatemala [8] . This was followed by a similar survey in 12 Guatemalan communities [9] . With this paper [9] , John Gordon, former head of the Department of Epidemiology at Harvard Medical School began his two-decade association with INCAP. In 1957, Mata published a paper on the incidence of shigellas in five villages in Guatemala [10] . The frequency of shigella infection was consistent with data indicating diarrheal disease to be the leading cause of death in young children in Guatemala and in seven other countries of Latin America at the time [11] . A comprehensive review of the bacterial causes of diarrhea was provided by Beck [12] ; however, no bacterial cause could be found in most of the cases.
In time, other studies in this series on diarrheal disease in Central America dealt further with the specific etiology of endemic diarrhea [13] ; the demographic distribution of acute diarrheal disease [14] ; environmental factors in the origin and transmission of acute diarrheal disease in less-developed countries [15] ; an epidemic of diarrhea in a Guatemalan highland village, with a component due to Shigella dysenteriae, but also associated with measles and nutritional deficiency [16] ; shigella carriers among young children in a convalescent home [17] ; associated chickenpox, diarrhea, and kwashiorkor in a highland Guatemalan village [18] ; and intestinal bacterial flora in malnourished children with shigellosis [19] .
A paper by Gordon, Wyon, and Ascoli in 1967 supplied another important insight into the subject of nutrition and infection [20] . Rotavirus was discovered to be a major cause of diarrhea in young children [21] . This paper made the observation for the first time that the second-year death rate is as high as the postneonatal infant death rate. Much attention has been given to high infant mortality rates. However, after perinatal and neonatal mortality, whose causes are mainly nonnutritional, are discounted, the second year of life is as risky as infancy as a result of malnutrition with infection. Another important new concept that emerged from Gordon's interactions with INCAP was that of weanling diarrhea, [22, 23] . Gordon pointed out that, for all mammals, the period of weaning from exclusive breastfeeding is a time of hazard and increased mortality. Extensive examples, including INCAP studies, confirm that this applies also to human children, particularly those in the lower socioeconomic groups of all developing countries.
In 1964, Gordon and INCAP coworkers published papers on "Acute diarrhoeal disease in less developed countries" for the Bulletin of the World Health Organization. They deal with the epidemiologic basis for the control of diarrheal disease [15] ; patterns of epidemiologic behavior in Guatemalan villages [24] ; and methods for prevention and control [25] . An article published in 1966 deals with associated chickenpox, diarrhea, and kwashiorkor in a highland Guatemalan village [18] . Acute diarrhea occurred in 75% of children with chickenpox who were malnourished, in some instances initiating kwashiorkor, compared with 12.5% of children with chickenpox who were above average weight for their age.
In 1958, Mata, who had returned to INCAP with a Ph.D. from the Harvard School of Public Health, published the first of many articles on diarrheal disease describing a method of isolating shigellas and salmonellas [26] . This was followed, in 1964, by a comprehensive description of the multiple causative agents of diarrheal disease in Guatemala and their incidence [27] . Mata and coworkers published longitudinal studies of intestinal colonization in children [28] ; the prevalence of shigella, salmonella, and enteropathogenic Escherichia coli in six Mayan villages [28a] ; and the intestinal colonization of breastfed infants by viruses, bacteria, and yeasts [29] . An additional study of diarrhea by Mata and collaborators in 1957 included shigella carriers [10] .
In 1969, Mata published papers on intestinal infections in children in rural areas of Central America and their possible nutritional implications [30] and intestinal infections by enteropathogenic bacteria during the first 3 years of life in children in a Guatemalan village [31] . In 1971, at the Third Central American Congress of Microbiology, Jiménez, Torres, and Mata described the bacterial overgrowth of the upper intestinal tract in severe protein-calorie malnutrition [32] , and Mata et al. indicated that bacterial overgrowth was a cause of malabsorption in these children [33] . Torres et al. reported on a bacteriologic and parasitologic investigation of dysentery cases in children at the Roosevelt Hospital, Guatemala City [34], and Jiménez described the chromatographic methods used to classify intestinal anaerobes [35] .
Also in 1971, Mata and Urrutia presented a paper on the intestinal colonization of breastfed rural children of low socioeconomic status to the New York Academy of Sciences [36] . In 1975, Mata reviewed malnutritioninfection interactions in the tropics [37] . More than a decade later, Mata prepared a working paper for a WHO meeting that incorporated his findings of a persistent diarrhea in many children in developing countries for WHO [38] . Torún also reported on nutritional and dietary considerations in acute diarrhea at the Third International Conference on Oral Rehydration Therapy in Washington, DC [39] .
Nutrition and infection
Additional articles by Scrimshaw on nutrition and infection were published in 1959 [40] , 1960 [41] , and with Wilson and Bressani in 1961 [42] . Scrimshaw's participation in a symposium on protein requirements stressed the extent to which they were increased by infections [40] . Concurrently, Béhar [43] , Béhar and Scrimshaw [44, 45] , and Scrimshaw, Wilson, and Bressani [46] emphasized the role of infection in proteincalorie malnutrition.
In 1966, Scrimshaw presented a paper on the effect of the interaction of nutrition and infection on the preschool child [47] . A review by Gordon and Scrimshaw on nutrition and the diarrheas of early childhood in the tropics was published in 1965 [48] . A comprehensive review of this topic was also published by Taylor and Tejada in 1966 [49] . INCAP staff continued to write articles on nutrition and infection for the next decade, including Arroyave, Lechtig and Béhar [50] and Béhar [51, 52] . Arroyave, Viteri, and Mata [50] emphasized that the nutritional status of the host, not just the infectious agent, is an important determinant of infectious disease [53] .
Metabolic effects of infection
Another series of studies focused on the metabolic effects on nitrogen balance and protein status of specific infections, beginning in 1961 with chickenpox [42] and the 17-D strain of yellow fever virus [54] . The latter study demonstrated that even mild infection can worsen nutritional status by reducing appetite and thereby food intake, increasing the metabolic loss of nitrogen and other nutrients, and decreasing protein absorption. These studies made the epidemiologic impact of infection in the causation of nutritional diseases observed in field studies and clinical histories more understandable. They led to the concept developed by Scrimshaw and Béhar [55] that explains why an infection apparently no more serious than a series of previous ones can precipitate kwashiorkor. The child is depleted in protein and micronutrients by each infection without the time or the dietary intake for complete recovery in between, and thereby becomes progressively more nutritionally depleted.
The relationships among diarrheal diseases, nutritional status, and health care were analyzed by Delgado et al. in a 1983 review article [56] . In 1988, Cruz et al. described infection and diarrhea caused by Cryptosporidium sp. among Guatemalan infants [57] . The last INCAP paper on diarrheal disease in the period covered by this review was in 1990 by Cano and Torres on diarrheas caused by Escherichia coli, Campylobacter jejuni, and Clostridium difficile [58] .
INCAP also contributed studies on the epidemiology of measles in undernourished populations. Many INACP research studies, including two in rural Guatemala [16, 59] , have shown that measles, like many other communicable diseases, is much more severe and more often fatal in poorly nourished than in well-nourished individuals.
Impact of infections on nutritional status
Evidence for the adverse impact of diarrhea on the absorption of protein and other nutrients came from a series of studies by Schneider and Viteri in 1973 on the effect of diarrhea on the reduced absorption of fat, pancreatic lipase, and bile salts [60] . At the XV Central American Medical Congress in 1973, Schneider described the incidence of intestinal malabsorption due to chronic infection in rural Guatemalans [61] and the changes in the gastrointestinal flora of Guatemalan children studied during their first months of life [62] .
Infection and mortality
A 2-year study in four villages near Antigua, Guatemala, compared the causes of deaths in infants and children under 15 years of age by personal investigation of each death and as recorded in the Civil Register [11] . Of a total of 222 deaths, a relatively high 43 (Civil Register) and 49 (INCAP) deaths were reported due to congenital malformations and other neonatal causes. The Civil Register attributed 58 to "intestinal worms". The INCAP investigation found 40 of the latter patients to have classical signs and symptoms of kwashiorkor and none were due directly to intestinal parasites. In the Civil Register, 21 deaths were associated with diarrheal and 35 with respiratory disease, compared with 34 and 52 respectively by INCAP investigators. An important contribution of this study was the conclusion that few, if any, cases of kwashiorkor would have occurred without the effects of multiple infections and, equally, that diarrheal and respiratory infection would not have been fatal to well-nourished children. The true cause of most of these deaths was the synergistic interaction of nutrition and infection. The Pan American Health Organization (PAHO) was skeptical of this conclusion and commissioned two staff members, Ruth Puffer and Carlos Serrano, to explore this hypothesis by examining the death records of 35,095 children under 5 years of age from 13 hospitals in Latin America [63] . They concluded that, regardless of the stated cause, 57% of deaths occurred in children with low birth weight, nutritional deficiency, or both as associated causes.
The association of malnutrition with mortality from infectious disease in hospitals has been re-examined and confirmed by Pelletier et al., who concluded that 56% of all deaths of children under 5 years of age had malnutrition as either a primary or an underlying cause [64, 65] . Tejada and Scrimshaw also published an article analyzing the causes of illness and death in Guatemalans [66] that was expanded into a chapter entitled, "Pathology of living Indians as seen in Guatemala" published in the Handbook of Middle American Indians [67] . Cravioto arrived at INCAP in 1962 and reviewed the official reports on causes of death in the three study villages. He found no significant changes from 1948 to 1962 in the rate of death among children under 5 years of age attributed to respiratory disease, except for a decrease in the village in which the children received a nutritious supplement [68] . Birthrates also decreased in this village.
Interactions of nutrition and infection
Frustrated by the lack of acceptance of INCAP findings on the interaction of nutrition and infection, Scrimshaw, Taylor, and Gordon undertook the first comprehensive review of the interactions between nutrition and infection in 1959. When this review was started, there was little interest in the topic and skepticism among nutritionists about its importance. However, a literature search located over a thousand relevant references, and the article effectively summarized the impact of infection as a precipitating cause of clinical malnutrition, along with evidence that malnutrition makes human populations more susceptible to infection. It was published in the American Journal of the Medical Sciences [23] . For years it was listed among the most frequently quoted articles by the Science Citation Index, and it was reprinted as a nutrition classic in 1994 [69] . It was expanded into a WHO monograph with the same title [70] that is still influential. It was also published in Spanish, French, Russian, Chinese, and Arabic. Other articles continued to stress the interactions of nutrition and infection [40, 41] . Particularly influential was an article on the effect of interactions of nutrition and infection on the preschool child [47] and a comprehensive review by Mata entitled "Malnutritioninfection interactions in the tropics" [37] .
longitudinal community-based intervention studies
A study of three Guatemalan villages from 1959 to 1964 is another seminal contribution of INCAP [71, 72] . It needs mention in this article because its purpose was to compare the effects of medical care only and improving the nutritional status of preschool children. Published articles described the experimental design [73] and the characteristics of the villages [74] . There were no deaths from measles during the study period in the village receiving nutritional supplementation, although case-fatality rates remained high in surrounding villages [75] . Overall morbidity decreased only in the supplemented villages [76] . Morbidity from both diarrheal and respiratory diseases was reduced in the food-supplemented village but not in the village with increased medical care [77] . By 6 months of age, 21% of children harbored at least one intestinal parasite, and the percentage increased to 89% in children 4 and 5 years of age. The next two papers described the effects of infection on growth [78] and analyzed the overall results and their significance [79] . A final article evaluated the medical, social, and public health implications of the study [80] .
Another seminal contribution was the 1978 monograph by Mata, The Children of Santa María Cauqué [81] , based on 9 years of nearly daily observations of infections in infants and young children, supported by excellent laboratory facilities. His charts of the impact of multiple infections on the growth of individual children are widely reprinted in articles and textbooks. It is impossible to do justice in this article to the breadth and depth of observation in this study, although it has been well summarized for student use [82] .
A third important and influential study began in 1969, with observations still continuing, in which children in two Guatemalan villages received a nutritious protein-rich supplement once breastmilk was no longer fully adequate. In two other similar villages, children received a low-calorie, protein-free supplement. Although the number of days children were ill with diarrhea was not reduced, the protein-rich supplement did protect against the negative effects of diarrhea on growth. Some individual studies relating to infections based upon data from this study are reviewed elsewhere in this chapter, and the entire study is fully described in the companion paper in this issue by Martorell [83] .
A volume entitled Community-Based Longitudinal Nutrition and Health Studies has chapters summarizing this study [72] as well as the 1959-64 Three-Village Study and Mata's Santa María Cauqué Study [82] . The original authors prepared each of these summaries to facilitate their use in teaching nutritional epidemiology.
Additional studies on infection, growth, and development
At the International Congress of Nutrition in 1966, papers from INCAP focused on the impact of infections on growth. Guzmán et al. described the conditioning effects of illnesses on the rates of gain in height and weight in chronically malnourished children [84] . Mata et al. presented weight curves that illustrated the depressing effect of infections, individually and cumulatively, on the growth of infants [85] . Scrimshaw's paper on nutrition and infection at this congress also emphasized the impact of nutrition on growth and development [86] . Many years later, in the 1990s, Bittencourt da Silva's INCAP thesis described a longitudinal study on the adverse effect of diarrhea on the growth velocity of children under 18 months of age in a marginal urban area of Rio de Janeiro, Brazil [87] .
Mata et al. published some of the early experience in Santa María Cauqué on the effects of infection and diet on child growth in 1967 [88] . In 1968, Paper VII [78] in the Three-Village Study series reported a positive effect of supplementary food on the growth of preschool children. Mata et al. emphasized the relationship between infection with cytopathogenic enteric virus and growth deficit in children [89] . This relationship was also found by Martorell in the Four-Village Oriente Longitudinal Study that followed the Three-Village study [90] .
Salomón et al., in a very extensive paper, described the effect of nutrition and infection, concluding that poor nutrition and infection retarded bone development in children in rural Guatemala by 2 to 3 years of age [91] . In 1973, Martorell et al. presented a paper at the Annual Meeting of the American Association of Physical Anthropologists on illness and growth in rural Guatemalan children [92] , and Urrutia and Mata wrote on infection, protein-calorie malnutrition, and growth in Guatemalan infants [93] . Urrutia, Mata, et al. followed this in 1975 with a study in an Indian village of Guatemala on survival and physical growth in infancy and early childhood and on infection and low birthweight [94] .
Also in 1975, Lasky et al. published an important paper in the American Journal of Diseases of Children documenting reduced psychomotor performance among poorly nourished children in rural Guatemala [95] . The effect of morbidity due to infections during pregnancy on birthweight in rural Guatemala was described by Lechtig et al. in the following year [96] .
Concurrently with these studies, Martorell et al. described diarrheal disease and growth retardation in preschool Guatemalan children [90] and diarrhea and retardation in physical growth [97] . The latter study focused on human adaptations and variations in Latin America. In 1977, the same group described the effect of diarrhea on physical growth retardation in Guatemalan children [98] . All of these papers further emphasized the strong effect of infections on growth.
A decade later, Rivera and Martorell published two papers under the general title "Nutrition, infection and growth. " The first dealt specifically with the effects of infection on growth [99] and the second with the effects of malnutrition on infection [100] . Their interest in this important topic continued with a chapter on the interaction of diet and disease in child growth in a book entitled Breastfeeding, Nutrition, Infection and Infant Growth in Developed and Emerging Countries published in 1990 [101] . Their chapter emphasized not only the impact of infections on the growth of poorly nourished children, but also the extent to which the impact of infections can be prevented by better feeding.
Parasitic infections
Melvin and Mata described the parasites among infants in Santa María Cauqué in whom intestinal protozoa had been identified [102] . Intestinal protozoa were found in more than 83% and helminthes in more than 87% of children. Viteri et al. documented the impact of hookworm on anemia in Central America [103] . Galich reported a longitudinal study of infantile helminthiasis in a highland Guatemala village [104] . In 1984, Solomons discussed nutrition and parasitism in an Academic Press book entitled Genetic Factors in Nutrition [105] .
Studies of a Shiga epidemic
In the Three-Village Study described above, shigellas were a common bacterial cause of diarrhea, and the Shiga bacillus was actually identified. In early 1969, Mata and other INCAP investigators, in collaboration with the US Communicable Disease Center, recognized that an epidemic of a virulent form of diarrhea with a high case-fatality rate in some areas of Guatemala was due to the classical Shiga bacillus, Shigella dysenteriae type 1, which causes the most virulent form of shigellosis. By 1969, the epidemic had affected hundreds of villages and towns and had spread to neighboring countries north and south. The initial publications, under the title "Epidemic Shiga bacillus dysentery in Central America, " were "I. Etiologic investigations in Guatemala, 1969" by Mata et al. [106] , "II. Epidemiologic studies in 1969" by Gangarosa et al. [107] , and "III. Mortality" by Mendizábal et al. [108] .
In 1970, abstracts were submitted by Perera et al. on epidemiologic studies of dysentery due to S. dysenteriae [109] and Mata et al. on a Central American epidemic of bacillary dysentery due to S. dysenteriae (Shiga bacillus) confused with amebiasis [110] . In the same year, antibodies to shigella in Guatemalan preschool children were reported by Richter, Mata, and Cáceres [111] . A more extensive report on the epidemiology of the epidemic of Shiga dysentery in Central America was published by Gangarosa, Perera, Mata, et al. in 1971 [112] .
At the 10th Central American Congress of Microbiology in 1970, Mata et al. described the origin of the Shiga epidemic [110] and quantitative studies of the Shiga bacillus and other components of the fecal flora [113] . Also at this congress, Cáceres et al. presented three papers on the differentiation of species of Candida by their chromatogram of organic acids [114] , the serologic response in patients with bacillary dysentery caused by S. dysenteriae type 1 [115] , and antibodies to bacteria and viruses in Santa María Cauqué [116] . At the XIV Guatemalan National Congress of Pediatrics in 1971, Mata et al. described advances in the knowledge of dysentery in Guatemala [117] . In the same year, they summarized the epidemic of Shiga dysentery in Central America in a letter to Lancet [118] . In 1972, Keusch et al. presented a detailed analysis of enterotoxin production by S. dysenteriae [119] .
Viral diarrheas
Despite state-of-the art facilities and expertise for identifying the bacterial causes of diarrhea, no pathogen was found for most cases in the early studies of INCAP. Fecal samples were sent from infants in Santa María Cauqué, Guatemala, to the Gorgas Laboratory in Panama where they were screened. Nearly all of the samples were positive for cytopathogenic viruses, but no funds were available for typing them and an opportunity was lost. Cruz, Mata, and Urrutia published an abstract on the incidence and prevalence of cytomegalovirus recovered from fecal swabs, which showed poorer growth in infants with a higher frequency of infection [120] . Cruz also presented a paper at the 1983 Sixth Central American Congress of Microbiology [121] on the diagnosis of family members with herpes virus.
It was not until nearly 20 years later, mainly at the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B), that rotavirus was shown to be responsible for the majority of the diarrheas in developing countries. In 1990, Cruz et al. reported on rotavirus and adenovirus types in Guatemala [122] .
Respiratory infections
Cruz and coworkers were also responsible for the first report on acute respiratory tract infections among Guatemalan preschool children in 1989 [123] . It reviewed the epidemiology of these infections, with emphasis on their seasonal occurrence. Cruz et al. in 1987 compared aspiration and swabs as a means of sample collection for the isolation of viruses from the nasopharynx [124] . Delgado et al. in 1988 reported on the epidemiology of acute respiratory infections in preschool children in rural Guatemala [125] .
Nutrition and immunity
The 1959 and 1968 reviews by Scrimshaw, Taylor, and Gordon [23, 70] provided abundant evidence that malnutrition reduced resistance to infection, but there was little understanding of the mechanisms of this effect. Experimental studies showed that severe malnutrition interfered with antibody formation, but there was no proof that the degree of malnutrition in populations was sufficient to impair this mechanism. One of the many students at INCAP at the time compared the agglutinin response to the H and O antigens of Salmonella typhi among children being treated for kwashiorkor and demonstrated no impairment. The work was carefully conducted but misleading and was never published since it was done after initial recovery when protein deficiency was no longer limiting protein synthesis. When the antibody response to an antigen was measured in children with kwashiorkor before treatment in other studies, it was clearly impaired [126] .
The reviews by Scrimshaw, Taylor, and Gordon [23, 70] suggested that impaired phagocytic capacity was likely to be an important mechanism in populations with mild-to-moderate malnutrition, but at the time little was known of modern immunology. It was not until 1971 that INCAP publications concerned with immunity, nutrition, and infection began to appear, beginning with a paper by Cáceres et al. describing a profile of immunoglobulins in the children of Santa María Cauqué [127] . In the same year, Lechtig and Mata published papers on levels of IgG, IgA, and IgM in cord blood of Latin American newborns from different ecosystems [128] and on cord IgM levels in Latin American neonates [129] , as wall as an abstract on levels of complement C3 in Peruvian newborns and mothers from different socioeconomic groups [130] .
For INCAP publications concerned with immunologic defenses against infection, 1971 was a prolific first year. Alvarado and Luthringer showed that the serum immunoglobulins in edematous children with proteincalorie malnutrition (kwashiorkor) were distinctly depressed, with serum albumin levels of 1.78 g/100 mL as compared with the control group at 4.06 g/1,000 mL [131] . Lechtig et al. described IgE levels in severe protein-calorie deficiency [132] .
Under the overall title of "The relation of serum components of the immune response in newborns to environmental sanitation, " Lechtig and Mata presented papers at the 1971 Third Central American Congress of Microbiology describing 40% to 60% elevations of cord blood IgM in offspring of poorly nourished mothers in Peru and Guatemala as compared with 6% in children of well-nourished mothers [133] and a reduction in C3 complement in the cord blood of offspring of malnourished mothers in these countries [134] . Mata reported at this congress on the magnitude of infection in rural Guatemalan children [135] , Cáceres et al. described antibodies to bacteria and viruses [116] , and Mata et al. described the gastrointestinal flora of children with protein-calorie malnutrition [33] .
Pineda gave reports on a decrease in the phagocytic capacity of the malnourished child [136] and on the effect of malnutrition and infection on the metabolic capacity of the human polymorphonuclear leukocyte [137] . The oxygen intake of leukocytes from well-nourished children was more than three times that of leukocytes from malnourished children. In this study, normal preschool children given a low-protein diet showed marked alterations in enzyme activities in a period as short as 3 days. In 1971, Pineda et al., in an abstract for the Federation of American Societies for Experimental Biology (FASEB), explored leukocyte enzyme adaptation to low protein-calorie diets [138] . In 1974, Cáceres and Mata described levels of immunoglobulins in a highland population in Guatemala [139] .
In 1972, Hanson in South Africa and several INCAP investigators shared in editing the report of the 81st Ross Conference on Pediatric Research on "The Enteromammaric Axis of the Secretory IgA System," in The Mucosal Immune System in Health and Disease [140] . Mata and Faulk, in 1973 , described the immune response of malnourished subjects, with special reference to measles [141] .
Faulk, Mata, and Edsall described the effect of malnutrition on the immune response in humans in 1975 [142] . Keusch et al. contributed substantive chapters to the 1977 book Malnutrition and the Immune Response entitled "Rosette-forming lymphocytes in Guatemalan children with protein-calorie malnutrition" [143] and "Humoral and cellular aspects of intracellular bacterial killing in Guatemalan children with protein-calorie malnutrition" [144] .
In 1980, Hanson et al. reported on the secretory IgA system and mucosal defense [145] . In 1981, Cruz et al. described the protective effect of low-dose interferon against neonatal marine cytomegalovirus infection [146] . In 1987, Cruz et al. presented a paper on the effect of thymosine on T lymphocytes during nutritional recovery [147] .
Infection and pregnancy
All of the early INCAP studies of nutrition and infection focused on the child, but in later years, the scope expanded to include pregnant women. In 1977, Urrutia et al. described the frequency of infections in pregnant women [148] , and the following year Urrutia and Mata wrote on infection in the pregnant woman and its influence on the product of conception [149] . The same topic had been addressed in 1971 by Lechtig et al. [150] , who described an adverse relationship between the duration of infections and weight at birth. In 1974, a paper by Mata, Urrutia, and Béhar [151] reported that infections occurred in a surprisingly high percentage of pregnant women. In descending order of frequency, the infections were respiratory, genitourinary, and gastrointestinal.
Immunologic effects of breastfeeding
The first INCAP reports on human milk and infection appeared in 1969, when Mata et al. reviewed the frequency of shigella infections in weekly fecal samples from 210 breastfed infants over a period of 5 years [152] . Because shigella was recovered and the infections were transient, the authors suggested that the intestinal microflora in breastfed children favors elimination of or resistance to this organism. In 1969, Mata wrote on the development of intestinal flora in breastfed infants in an unsanitary environment [153] . In 1967, Mata presented a paper on the importance of the normal flora of the infant intestinal tract [154] . In 1971, Mendizábal-Morris et al. described the significance of anaerobic gram-positive organisms in breastmilk in the maintenance of normal gastrointestinal flora of the breastfed infant [155] . In 1976, Mata et al. discussed breastfeeding, weaning, and the diarrheal syndrome in a Guatemalan Indian village [156] , and Sosa et al. reported on "The effect of early mother-infant contact on breast feeding, infection and growth" [157] . A paper on the mechanism of immunity provided by breastmilk was published by Carlsson et al. in 1981 [158] . Papers by Carlsson et al. [159] on immune factors in human milk [159] and Hanson et al. [140] described the mechanisms of immunity provided by breastmilk. It was not until 1988 that another INCAP paper appeared on breastfeeding, a paper by Cruz et al. also stressing its protective effect against gastrointestinal infection and disease in infancy [160] .
Effect of nutritional status on syphilis
Genevieve Stout was the first consultant sent by PAHO to work with INCAP, and the first infection-related publications of INCAP dealt broadly with serologic reactions for syphilis in Central America. In the first of four papers, the percentage of false positives in schoolchildren 7 to 12 years of age in four countries varied from 4% to 13%, and these percentages were not affected by supplementary school feeding or treatment for intestinal parasites [161] . The blood samples collected were examined by the newly established laboratory for micronutrient analysis. Serum levels of ascorbic acid, riboflavin, alkaline phosphatase, carotene, vitamin A, and vitamin E were given for negative, doubtful, and presumptive biologic false positives. The latter showed a significant difference from the negative serologic group in carotene and vitamins A and E [162] . Since these are fat-soluble nutrients, it was suggested that they were reflecting the effect of a low fat intake. No significant relationship was found between the micronutrients listed above and either serum protein and albumin levels [163, 164] or positive cephalinflocculation tests [165] .
Another early study utilizing the microanalysis laboratory described levels of the above micronutrients and parasitological findings in groups in Guatemala City and predominantly Mayan Indians in the Department of Sacatepequez [166] .
Parasitic infections
The prevalence of intestinal parasites was described for Guatemalan children in five villages in Sacatepéquez and on the Finca "El Naranjo" near Chicacao. The rates were 84% for Ascaris lumbricoides, 36% for Trichiurus trichiura, 0.6% for Oxyuris vermicularis, 2% for Necator americanus, 1% for Taenia saginata, 1% for Hymenolepis nana, 0.3% for Trichomonas intestinalis, 9% for Iodamoeba bütschlii, and 14% for Entamoeba coli [167] . Only 2% of the children were free of intestinal parasites.
Miscellaneous
A study concerned with infection noted the occurrence of antibodies to all three types of polio at a very early age in nearly all Guatemalan children, although clinical polio was rare [168] . It was concluded that this was the result of ubiquitous exposure to polioviruses while they still had some passive immunity from breastmilk. Méndez et al. subjected 10 male subjects to artificial hyperpyrexia simulating that used in the treatment of syphilis and observed a highly significant decrease in serum vitamin A levels, but no changes in the levels of carotene, vitamin E, alkaline phosphatase, riboflavin, or ascorbic acid [169] . Although most of INCAP's work on malnutrition and infection was in humans, very interesting papers by Taylor et al. in 1967 and showed that an induced inflammatory response to croton oil in a granular pouch was reduced in rats on a low-protein diet [170, 171] .
oral infection
In 1970, Morhart, Mata, and Harris described the predominant microflora of gingival crevices of Guatemalan Indians [172] , and also in 1970, Morhart, Mata, Sinskey, and Harris added to these observations [173] . They described a 58% prevalence of Entamoeba gingivalis, and an 86% prevalence of periodontal disease in persons over 15 years of age in a Guatemalan highland village.
At the III Central American Congress of Microbiology, Mayorga et al. described a high frequency of Cryptococcus neoformans in the feces of pigeons in Guatemala City [174] and also the prevalence of dermatophytes in the soils of Guatemala [175] . In 1974, Rosenberg et al. described the potential of low-dose antibiotics in food for controlling childhood enteritis and malnutrition [176] .
Summary
INCAP was the pioneer in developing the concept of the synergistic interaction of nutrition and infection and documenting the impact of infection on nutritional status. Through its staff and collaborators, INCAP has been responsible for more than 200 publications directly related to nutrition and infection. Although the findings of this large number of studies cannot be presented substantively in a single article, the references to most of them are cited in this and other papers in this Special Issue.
Additionally, INCAP has been responsible for three major longitudinal studies that have had a profound impact on thinking about the significance of malnutrition in young children, particularly when malnutrition is combined with excessive exposure to infection:
The first of these, the Three-Village Study designed by the author [80] , demonstrated that supplementary feeding benefited morbidity, mortality, and growth, while the availability of excellent medical care alone brought no improvement.
The second, Leonardo Mata's classic Santa María Cauqué study [81] , dramatically showed the high prevalence of bacterial, viral, and parasitic infections in the first 2 years of life and their relation to impaired growth and development in a Guatemalan highland village.
The third of these influential studies was the Four-Village Oriente Longitudinal study led by Reynaldo Martorell [83] , based on 7 years of careful observations showing that supplementary feeding of children under 5 years of age decreased morbidity from infections and improved growth and development, including cognitive performance. Ten to 15 years after the end of the supplementation, when these children were adolescents, these differences were even more marked. Periodic observations continue to show a lasting effect, including higher earnings. 
